The majority of the population of Bangladesh (90%) rely on untreated groundwater for drinking and domestic use. At the point of collection, 40% of these supplies are contaminated with faecal indicator bacteria (FIB). Recent studies have disproved the theory that latrines discharging to shallow aquifers are the major contributor to this contamination. In this study, we tested the hypothesis that hand pumps are a reservoir of FIB. We sampled the handle, spout, piston and seal from 19 wells in Araihazar Upazila, Bangladesh and identified that the spout and seal were reservoirs of FIB. These findings led to our recommendation that well spouts be regularly cleaned, including the removal of precipitated deposits, and that the seals be regularly changed. It is envisaged that one or both of these interventions will reduce the numbers of FIB in drinking water, thereby reducing the burden of diarrhoeal disease in Bangladesh. This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and redistribution, provided the original work is properly cited
INTRODUCTION
The human right to water entitles everyone to clean, safe drinking water (United Nations ). However, it is estimated that 38% of protected water sources in low-and middle-income countries are contaminated with faecal indicator bacteria (FIB; organisms that indicate that water has been contaminated with human or animal faeces, e.g., Bangladesh is a low-to middle-income country with a population of >160 million and a GDP per capita of $1,359 (World Bank ). Over 90% of the population consumes untreated groundwater and the prevalence of diarrhoea in children under five is 3.9% (BBS/UNICEF ). At the point of collection, 40% of water supplies are contaminated with FIB; at the point of use this increases to 60% (van Geen et al. ; BBS/UNICEF ; Ercumen et al. ) . The origin of the contamination has been widely discussed, with most attention being focused on pit latrines that leak into the shallow aquifer (the main source of drinking water); the problem may be exacerbated by Bangladesh's frequent flooding (Graham & Polizzotto ) . It has recently been shown that leakage from latrines into the shallow aquifer cannot account for the frequency of FIB at the point of collection, and it has been concluded that previous studies have incorrectly equated the quality of collected water with that of groundwater (Ravenscroft et al. ) . Those conclusions are consistent with the results of a recent water quality survey, which showed that FIB counts were positively correlated with poor condition of well bases (Ercumen et al. ) . That study also proposed that 'short-circuiting' occurs at the wellhead, i.e., contaminated water flowing down through a poorly sealed annulus (the space between the water pipe and the well wall), priming with contaminated water, or the addition of cow dung during well construction. A positive correlation was also identified between increased FIB numbers and a broken or absent well base (Knappett et al. ) . Short-circuiting may well occur in some instances, but it is also possible that the hand pumps themselves are reservoirs for FIB.
Hand pumps from FIB-contaminated wells continue to discharge FIB when removed and transferred to a sterile water source; and sterile hand pumps seeded with Escherichia coli continue to discharge bacteria for over three months post-contamination (Ferguson et al. ) . In those seeded pumps, it was the 'elastomeric' components (the seal and piston, which are normally made of plastic and rubber, respectively), in particular, that were reservoirs of the E. coli (Ferguson et al. ) .
In this study, we have built on the previous work by examining, in situ, the contamination of hand pumps, with the specific aim of identifying whether any specific part acts as a reservoir for FIB.
METHODS

Field location
Wells were sampled in January 2018 at two locations in Ara- Table S1 , available with the online version of this paper). Table 1 shows the means, standard deviations and variances of the bacterial counts from the four positions on the 19 pumps; and Table 2 shows their medians, first and third quartiles, and ranges. Because of the large differences in variance and the strongly skewed distributions of the counts, analysis of variance was inappropriate. Instead, data were analysed using a non-parametric method: the Friedman test for randomized blocks (the blocks are the 19 pumps) (Sokal & Rohlf ) .
RESULTS
The FIB counts differed significantly among positions: χ 2 ¼ 15.93, 3 d.f., P < 0.005. Table 3 gives the U values for the post-hoc multiple comparisons (Sokal & Rohlf ) .
The samples from the seal contained significantly more FIB than those from the piston and the handle; those from the spout had significantly higher counts than those from the piston, though not those from the handle (U ¼ 262.5, 0.05 < P < 0.1). Handle and piston samples did not differ from each other, and there was no significant difference between the counts for spout and seal.
DISCUSSION AND CONCLUSIONS
The high bacterial counts from seals and spouts, relative to handles and pistons, have implications for possible ways of limiting contamination of drinking water. Since the spout is downstream from both the seal and the piston, it cannot be the original source of bacteria; but they can clearly colonise it from the water passing through the pump, so regular cleaning of the spout may help limit contamination. The seal, however, has at least as high a bacterial load as the spout, and it is upstream so it may be the more important source of FIB. If so, periodic replacement may result in a cleaner water supply. Seal -Values in bold are significant at P < 0.05 (*) or P < 0.01 (**). 
